Two sets of relationships relate QSO UV to soft X-ray continua with the broad-line region. These are (i) the Baldwin relationships, which are inverse relationships between the broad-line equivalent width and the continuum luminosity, and (ii) Boroson & Green's optical "Principal Component 1" relationships, linking steeper soft Xray spectra with narrower Hb emission, stronger Hb blue wings, stronger optical Fe ii emission, and weaker [O iii] l5007 lines. In order to understand these relationships, we extended the spectra into the UV for 22 QSOs with high-quality soft X-ray spectra. These are from the complete sample of QSOs from the Bright Quasar Survey for which Laor et al. demonstrated strong luminosity and X-ray-optical Principal Component 1 relationships. We show that these extend to a whole new set of UV relationships: Principal Component 1 (in the sense of steeper X-ray spectra) is related to narrower C iii] l1909 lines, larger Si iii] l1892/C iii] l1909 ratios (a highdensity indicator), stronger low-ionization lines, and weaker C iv l1549 but stronger N v l1240 lines. We speculate that high accretion rates are linked to high columns of dense (∼10 11 cm ), nitrogen-enhanced, low-Ϫ3 ionization gas from nuclear starbursts. Line width, inverse Fe ii-[O iii] and inverse Fe ii-C iv relationships hint at the geometrical arrangement of this gas. These Principal Component 1 relationships appear to be independent of luminosity and therefore of the Baldwin relationships.
INTRODUCTION
The UV to soft X-rays of luminous active galactic nuclei (AGNs) dominate their bolometric luminosity, powered by accretion onto a massive black hole at the center. The release of energy within a few gravitational radii determines the spectral energy distribution at optical photon energies and above. These photons illuminate and ionize the surrounding gas on subparsec to kiloparsec scales-the fuel and exhaust of the central engine. In addition to photoionization, two sets of relationships, neither of which are understood, link central engine properties with the structure, dynamics, and physical conditions of the surrounding gas. One is the Baldwin effect in the UV (Baldwin et al. 1978) , and the other is the X-ray-optical "Principal Component 1" (PC1) relationships presented by Boroson & Green (1992, hereafter BG92) and Laor et al. (1994 and 1997a, hereafter L94 and L97, respectively) . Optical PC1, accounting for most of the spectrum-to-spectrum variation in low-redshift AGN samples, is a linear combination of observables: as Hb from the broad-line region (BLR) becomes narrower, its profile changes from having a stronger red wing to one having a stronger blue wing; the strength of BLR Fe ii (optical) emission increases; [O iii] l5007 narrow-line region (NLR) emission decreases; the optical-X-ray and X-ray spectra steepen; and Xray variability increases (increasing a ox and a x , where F ∝ n ) (BG92; L94; L97; Grupe et al. 1998; Fiore et al. 1998 10 X-ray emission (0.15-2 keV) down to the lowest possible restframe energies (!0.2 keV) and, for our study, allowed access to emission lines over a wide ionization range, but with minimal intervening intergalactic absorption. The low Galactic hydrogen column and the accurate 21 cm measurements of this column ensured small, accurate corrections for absorption in both the X-ray and UV regions. Here we present a remarkable new set of relationships extending the PC1 relationships into the UV, further linking QSO spectral energy distributions with the properties of the emitting gas (see also Wills et al. 1999a Wills et al. , 1999b Wills et al. , 1999c .
OBSERVATIONS AND MEASUREMENTS
We obtained Hubble Space Telescope (HST) Faint Object Spectrograph (FOS) spectrophotometry for 16 QSOs and used archival FOS data for six QSOs, from wavelengths below Lya to beyond 3200 Å . Resolutions are ∼230 km s (FWHM).
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Most optical data are from BG92. Figure 1 displays representative UV spectra in the order of the X-ray-optical PC1, with steeper soft X-ray spectra and stronger Fe ii (optical) at the top.
We measured strengths, ratios, and widths (FWHM) for Lya, N v l1240, the l1400 feature (Si iv, O iv] blend), C iv l1549, Al iii l1860, Si iii] l1892, and C iii] l1909. Care was taken to robustly deblend these prominent lines from nearby contaminating features, and the details will be given by Wills et al. from the NLR-all corresponding to steeper soft X-ray spectra. The two-tailed probability of these correlations, arising by chance from unrelated variables, is between one in 50 and one in k1000. a The Spearman rank correlation coefficients are given, with the most significant shown in boldface. For 22 QSOs, a correlation coefficient of 0.4 corresponds to one chance in 15 of arising from uncorrelated variables (two-tailed), 0.5 corresponds to one chance in 50, 0.6 to one chance in 300, and 0.7 to one chance in 2000.
TABLE 1 Correlation Coefficients
(1999c). In most cases, we used our McDonald Observatory spectra to define a "rest-frame" wavelength scale that was referred to [O iii] l5007 from the NLR. The greatest uncertainties in the line measurements arise from uncertainties in continuum placement and in the removal of associated and Galactic interstellar absorption. Some actual line measurements are tabulated by Francis & Wills (1999) .
CORRELATIONS
Some of the most important correlation results are summarized in Table 1 and Figure 2 . Column (1) of Table 1 lists emission-line parameters of the UV spectrum: line ratios and logarithms of rest-frame equivalent width (EW) and line width (FWHM). Columns (2)- (6) give correlation coefficients for the UV parameters versus the well-known PC1 parameters, a x derived from a fit between 0.2 and 2 keV (L97), and parameters of the optical spectrum as given by BG92. Column (7) gives correlation coefficients between the UV parameters of column (1) and a linear combination of X-ray-optical PC1 parameters derived from a principal components analysis of our sample (see below and Francis & Wills 1999) . Figure 2 plots some of the correlations of Table 1, i.e., the four columns representing X-ray-optical PC1 observables: the steepness of the X-ray Fig. 3. -The Baldwin relationships for Lya, C iv l1549, and C iii] l1909 for ∼20 QSOs of the PG X-ray sample spectrum, the width of the broad Hb line, the strength of Fe ii (optical), and the strength of NLR emission
The X-ray-optical PC1, increasing in the sense of softer Xray spectrum, extends to the UV, corresponding to narrower C iii] emission and stronger low-ionization lines (Fe iii, Si iii] l1892, Al iii l1860, and others; Fig. 1 ), but also, surprisingly, to stronger, higher ionization lines of N v l1240 and the l1400 blend (Si iv and O iv]). The ratio Si iii] l1892/C iii] l1909 increases, and the C iii] l1909 EW decreases-most simply interpreted as collisional suppression of C iii] l1909 in gas with densities տ10 10.5 cm -indicating either increasing gas
Ϫ3
density or an increasing fraction of higher density gas (see, e.g., Laor et al. 1997b ). The strength of C iv l1549 is inversely correlated with the strength of Fe ii (optical) (Wang, Zhou, & Gao 1996) and is correlated with [O iii] (Brotherton 1999). Fe iii UV 34 (l1895, l1914, and l1926) also contributes more when Fe ii is strong. Mrk 478, in our sample, and I Zw 1 (Laor et al. 1997b ) have especially soft X-ray spectra, especially strong Fe ii (optical), as well as strong Fe iii (I Zw 1 did not meet the Galactic obscuration criteria for inclusion in the sample but is otherwise eligible.) As expected, the UV parameters show very significant correlations among themselves. The strongest correlations that we have found should and do show up by inspection of Figure 1 .
Complementary to the direct correlations is our principal components analysis (PCA). Table 2 shows the results of a PCA performed on the ranked variables, giving the projection of the input variables on the first three principle components. Half of the sample variance (49.9%) is described by a linear combination of variables related to the X-ray-optical PC1 found by BG92, L94, and L97. We now have an Xray-UV-optical PC1. Table 1 also shows correlations between UV emission-line parameters and L 1216 , the log of the continuum luminosity at 1216 Å (col. [8] ). The Baldwin relationships are present for Lya, C iv l1549, and C iii] l1909 (Fig. 3) ; no Baldwin relationship is found for Hb, [O iii] l5007, or Fe ii (optical), which is in agreement with other investigations. An interesting result is that neither the new UV variables nor the original Xray-optical PC1 appear to depend on luminosity at all (correlation coefficients ∼0.1): the Baldwin relationships appear to be independent of the X-ray-UV-optical PC1. This is in accordance with Table 2 , in which PC2 accounts for 19% of the variance and is dominated by Baldwin relationships. C iv l1549 is significant in both PC1 and PC2, probably accounting for its weaker Baldwin relationship in our sample (Fig. 3 ).
PC3 appears to represent an independent relationship between luminosity and line widths. Such correlations have been previously interpreted in terms of gravitational dynamics and black hole mass (see, e.g., Joly et al. 1985; Wandel 1991; Laor 1998) , as both velocities and luminosities may be expected to increase with increasing mass.
DISCUSSION
The most important result is the spectacular set of related correlations that we have found among many variables. Some individual correlations have been found before in large, heterogeneous samples: Fe ii (optical) versus l1400/C iv and C iv/Lya, and a (UV-X-ray) versus C iv/Lya (Wang et al. 1996; Wang, Lu, & Zhou 1998) ; the Fe ii-Si iii]/C iii] relationships, as well as the Al iii/C iii] and Fe iii/C iii] relationships, have very recently also been noted by Aoki & Yoshida (1999) . Brotherton (1999) gives an independent presentation of the C iv-[O iii] relationship, and Wills et al. (1993) have shown the inverse relation between the strength of C iv and the l1400 feature.
The X-ray-emission-line relationships provide plausibly strong links between the central engine parameters and the kinematics, geometry, and physics of fueling gas or outflows on subparsec to kiloparsec scales.
1. In principle, line widths (profiles), together with BLR distances based on echo-mapping time delays or dustsublimation radii, may be used to infer the virial central masses, hence L Edd (Peterson et al. 1998; Laor 1998) . QSO luminosities L56 PG QSO SAMPLE: UV-X-RAY PRINCIPAL COMPONENTS Vol. 515 often appear to be significant compared with L Edd , suggesting that accretion onto a central black hole could be an unstable process, giving rise to winds. 2. The widths of Hb and C iii] l1909 are related to a x , linking kinematics directly to a central engine property. By analogy with Galactic black hole candidates in their "high" states, steep X-ray spectra may be related to high accretion rates (Pounds, Done, & Osborne 1995) .
3. The structure of the BLR must be linked to a x and hence probably to accretion and outflowing winds. One possible explanation for the inverse Fe ii-[O iii] relation is that the smaller the effective covering of the central engine by optically thick BLR gas, the more photons are available to ionize the more distant NLR (BG92; Brotherton 1999). If the strong inverse C iv-Fe ii (optical) relations has a similar explanation, then significant low-velocity C iv-emitting gas lies beyond an Fe ii-emitting BLR shield. This would tie in with Brotherton's result: C iii] and C iv emission from lower velocity gas is correlated with [O iii] emission from the NLR.
4. High-ionization N v l1240 also appears to be associated with high-density gas. N v increases while C iv decreases with increasing PC1 (i.e., steeper soft X-ray spectrum and stronger Fe ii). This apparent anomaly is reminiscent of the behavior of the N v Baldwin relation (Espey 1999) in which the slope of the Baldwin relation for several other species is tightly correlated with ionization potential, but for N v, the EW dependence on luminosity is much less than expected. Korista, Baldwin, & Ferland (1998) show that the EW N v-luminosity relationship can be understood if very nitrogen-rich gas (Hamann & Ferland 1993 ) is irradiated by a UV-to-soft X-ray continuum that becomes softer with increasing luminosity. While this is a complex issue, perhaps our N v anomaly can be similarly explained by enhanced nitrogen abundances.
The "mystery physics" underlying all the Principal Component 1 relationships could be an increase in L/L Edd associated with an increase in dense, Fe ii-emitting gas of high metallicity. It has been suggested that the QSO's with extreme lowionization spectra and strong Fe ii are also undergoing starbursts (Lîpari, Terlevich, & Macchetto 1993) . Could starburst activity cause increased accretion of enriched gas and hence strong soft X-rays?
